Background Pneumoconiosis is a form of diffuse interstitial lung disease, often resulting from occupational exposures. As dental prosthetic technicians (DPTs) build prostheses, they are exposed to many chemical materials that increase their risk of developing pneumoconiosis.
Introduction
Exposure to hazardous materials in the workplace is a common cause of occupational lung disease [1] . In dental laboratories, dental prosthetic technicians (DPTs) are exposed to dusts and vapours during the production of dental prostheses and these substances have potential adverse effects on their health [2] . Substances such as silica, heavy metals, beryllium and cobalt, in liquid or powder form, used during grinding, polishing and sandblasting of metal alloys, resins and ceramics may contribute to their risk of developing pneumoconiosis. Other materials used in dental laboratories, such as acrylates and metals, may cause dermatitis and asthma. Occupational exposure to chromium, cobalt and nickel may cause genotoxic damage in lymphocytes [3, 4] . Association between lung involvement and a specific causal agent is difficult to define in DPTs because of the different exposures involved [5] . Usually, over 20 years of exposure is needed before pneumoconiosis develops. The disease may continue to progress even after exposure has ceased. In the early stages of disease, or in low-grade pneumoconiosis, chest radiographs demonstrate small irregular or rounded opacities. These increase in numbers (small-opacity profusion) as the duration and/or intensity of exposure increases. Opacities may become conglomerated and reach 1-2 cm or more in diameter, leading to complicated pneumoconiosis. Complicated pneumoconiosis, or progressive massive fibrosis, leads to impairment of pulmonary function. The main symptom is exertional dyspnoea; others are cough, sputum production and chest pain [6] . Because low-grade pneumoconiosis cannot be excluded on the basis of a normal chest radiograph [7, 8] , we aimed to correlate occupational and clinical variables with pulmonary function test (PFT) and prevalence of pneumoconiosis, as defined by high-resolution computed tomography (HRCT) of the chest.
Methods
This cross-sectional observational study was approved by the human ethics committee of Kahramanmaraş Sütçü İmam University and by the Professional Association of Dental Technicians in Turkey. In 2011, all dental technicians working in the 13 dental prosthetic laboratories in one province were invited to participate. Those giving consent to participate completed a questionnaire and underwent a physical examination, PFT and HRCT. Those with known pulmonary disease and those working as a dental technician for <4 years were excluded. Demographic data, employment and clinical history were collected using a modified version of the Turkish Thoracic Society's occupational and environmental pulmonary disease evaluation questionnaire [9] . This questionnaire was administered during a face-to-face interview with a physician. Physical examination was performed and resting oxygen saturation was measured by fingertip pulse oximetry. Pulmonary function tests (PFTs) and carbon monoxide diffusion capacity (DLCO) were measured with a ZAN 500 (nSpire Health GmbH, Oberthulba, Germany) PFT device. PFTs were performed according to American Thoracic Society guidelines [10] . HRCT scans of the chest (1 mm slice every 10 mm, 140 kV, 175 mA) were obtained with the patient supine, during full inspiration, with a Light Speed® VCT (GE Healthcare, Buckinghamshire, UK) machine. Using an international classification system, three readers (two respiratory physicians and one radiologist) independently read the HRCT scans while blinded to the participant's occupational exposure history [7, 11] . Scans were evaluated for the presence or absence of well-defined rounded opacities, irregular and/or linear opacities, ground glass opacities, honeycombing, emphysema, large opacities, pleural abnormalities (visceral and/or parietal) and pleural calcifications. If two of the readers reported the same pathology, their diagnosis was accepted. Participants were divided according to the length of time working as a dental technician: ≤15 years (Group 1) and ≥16 years (Group 2) [2] . For data analysis, no distinction was made regarding size, location or sum grade of round and irregular opacities, or for the extent, localization or width of pleural changes [7] . Emphysema was defined as sharply delineated low densities on the HRCT [2] 
Results
Of the 123 dental prosthesis technicians in the province, 87 (71%) agreed to participate in the study. Seventy-six (all male, 62% of all technicians) finally participated due to the exclusion of 11, of whom 6 had worked <4 years in the field, 2 were women, 2 could not perform the PFTs and 1 had known pulmonary tuberculosis. Most (87%) had not previously worked in another occupation and the rest (13%) had previously worked in occupations that are not known to affect the respiratory system. Six technicians (8%) defined their workplaces as unventilated. While working, participants reported never (22%), sometimes (46%) and always (32%) using simple masks. Most (93%) wore special work garments while working. In all labs, polishing, porcelain smoothing, metal flattening, porcelain trampling and sandblasting were all performed in the same general space, so we could not identify technicians who only work on a particular phase of prosthesis production.
Demographic and clinical characteristics of the participants are shown in Table 1 . Abnormal physical examination findings were found in 9% (seven) of participants, with decreased breath sounds in four and scattered rhonchi in three. The presence of clinical symptoms did not correlate with smoking status or duration of employment as a dental technician. Sputum, dyspnoea, wheezing, ophthalmological and dermatological symptoms and/ or signs did not differ significantly between those working ≤15 or ≥16 years as a DPT. The PFTs, DLCO and oxygen saturations of all technicians were within normal limits (Table 1) .
Agreement among the readers of the HRCT scans was moderate to good for the presence of rounded opacities (κ = 0.56), irregular and/or linear opacities (κ = 0.68), emphysema (κ = 0.61) and pleural changes (κ = 0.56), but was low for the presence of ground glass opacities (κ = 0.23). Scans were judged to be normal in 54% of patients, while the other 46% were diagnosed with pneumoconiosis. The most common HRCT finding was the presence of nodules, especially round ones. The locations of the round nodules seen in 29 participants are listed in Table 1 . No pleural calcifications or honeycombing were seen in any participant. Emphysema was detected in five patients (7%, mean ± SD age 43 ± 9 years, duration of employment as a DPT 28 ± 12 years), all of whom were active smokers or ex-smokers. All those with emphysema had worked >15 years as a DPT. Emphysema was not present in any lifetime non-smokers. Forced vital capacity (FVC), forced expiratory rate (FEV 1 /FVC), peak expiratory flow (PEF) and maximal flow at 25-75% expired vital capacity (FEF ) values were lower in DPTs with emphysema than in those without emphysema, but the differences were not statistically significant. However, DLCO was significantly lower in DPTs with emphysema than in those without and in smokers and ex-smokers compared with those who had never smoked (P < 0.01). The prevalence of nodules, emphysema, pleural abnormalities, and ground glass opacities was lower but not significantly. Forced expiratory volume in 1 s (FEV 1 )%, FVC%, FEV 1 /FVC%, PEF% and FEF % values and O 2 saturation were lower but not significantly so in current and ex-smokers compared with those who had never smoked. When cigarette smoking, duration of work as a DPT, PFTs and questionnaire results were compared in participants with and without pneumoconiosis, no statistically significant differences between the groups were found. FEV 1 , FEV 1 /FVC, PEF, FEF values were lower, but not significantly so, in participants with pneumoconiosis. In these DPTs, 54% had worked <16 years (Group 1), and 46% had worked over 15 years (Group 2, age range 16-43 years). HRCT findings (round opacities, irregular and/or linear opacities, pleural abnormalities and ground glass opacities) did not correlate with length of time working as a DPT (NS). The prevalence of pneumoconiosis was 41% in Group 1 and 54% in Group 2. All five emphysema cases were in Group 2 (P < 0.05). FEV 1 /FVC% and DLCO% values were significantly lower in Group 2 than in Group 1 (P < 0.01 and P < 0.05, respectively, Student's t-test, Table 2 ).
Discussion
Pneumoconiosis, as detected by HRCT, was found in almost half of the DPTs who participated in our study. Respiratory function measures were worse, but not significantly so, in DPTs with pneumoconiosis compared with those without. Those working >15 years as a DPT had significantly lower FEV 1 /FVC% and DLCO% values and were significantly more likely to have emphysema.
Pneumoconiosis in workers exposed to dust and vapour has traditionally been identified by conventional chest radiographs, according to International Labour Organization (ILO) guidelines [12] . Chest radiographs are known to have limited utility and accuracy when screening for pulmonary diseases caused by occupational and environmental dusts. HRCT is more sensitive than chest radiography for detecting small opacities, interstitial fibrosis and emphysema, especially in the case of lowgrade pneumoconiosis [7, [13] [14] [15] . Different approaches for using HRCT as a screening tool for pneumoconiosis have been described, but no consensus has been published to date [7, 14, 16] . The visual scoring system [17, 18] , while the rates in our participants were 34 and 50%, respectively. In occupational health studies, the proportion of patients with respiratory complaints is usually higher in workers in Turkey than in other western countries [2, 19, 20] . The high rates of respiratory complaints in our DPTs were most likely due to poor ventilation in the work areas of dental laboratories but workplace ventilation has recently been addressed by national legislation. Numerous studies documenting the rise in pneumoconiosis among dental technicians have been published in recent years [5, 21] . The prevalence of pneumoconiosis among dental technicians detected using chest radiographs was reported to range from 12 to 24% [2, 4, 17, 18, 22, 23] . We preferred to use HRCT due to its higher sensitivity for detecting low-grade pneumoconiosis [9, 24] . Probably because of its higher sensitivity compared with chest radiographs, we found the prevalence of pneumoconiosis to be higher in our DPTs than in previous chest radiograph-based studies. In the early stages of pneumoconiosis, patients may have no abnormalities on PFT. As the disease progresses obstructive, restrictive or mixed abnormalities may develop [25] . Radi et al. [2] showed that FVC%, FEF 25 % and FEF 50 % were significantly lower in male dental technicians compared with controls. Rom et al. [23] found that FVC and FEV 1 were lower among male non-smoker technicians compared with male non-smoker controls. Wang et al. [26] found that workers with pneumoconiosis had significantly lower VC, FEV 1 , FEV 1 /FVC and DLCO values compared with those exposed to the same dust but without radiographic evidence of pneumoconiosis. In our study, actual FEV 1 , FEV 1 /FVC, PEF and FEF were lower, but not significantly so, in DPTs with HRCT-identified pneumoconiosis compared with those without such evidence. Workplace exposure (length of employment as a DPT) and smoking status were not significantly associated with impairment in lung function [2, 19] as has been reported in some studies [20, 22, 26] . We found that pulmonary function abnormalities in those with low-grade pneumoconiosis were generally of the obstructive type.
We found a lower DLCO in smokers and in those with HRCT-diagnosed emphysema. Other studies of pneumoconiosis have also reported lower DLCO in those with emphysema [7, 27] . For current smokers, this may be due to smoking's known effect on DLCO; for ex-smokers, this is probably due to emphysema's known effect on DLCO. All participants with emphysema were in Group 2, had a smoking history and did not have any association with nodular opacities. Other studies, like ours, found that lung function abnormalities correlated better with emphysematous changes than with the nodular changes of pneumoconiosis [7, 14, 27] . Radi et al. [2] did not analyse PFT results according to the duration of time worked as a DPT. Some studies reported a significantly higher prevalence of small opacities in dental technicians [2, 28] . In our study, those working 16 years or more had higher prevalence of small opacities but the difference was not significant. In our participants, we found that pneumoconiotic nodules appeared much earlier than the commonly accepted latency period of 15 years or more [1] .
The main weakness of our study was the lack of objective assessment of exposure to dust and other substances in prosthetics laboratories. At the beginning of the study, technical difficulties precluded the measurement of workplace dust levels. After the study started, laws governing workplace ventilation changed and working conditions were rapidly improving. Due to these rapidly changing conditions, we did not assess dust levels later in the study. We were also unable to obtain a comprehensive occupational exposure history because materials and procedures had changed over time. Also most of the DPTs did not know the composition of the materials used in previous years. Smoking may be an important confounder because the current or former smoking prevalence in our study was so high (62%). The 46% prevalence of pneumoconiosis in our participants was high, probably because HRCT is able to detect very early radiological changes of occupational lung disease. Although working as a dental technician may be thought to be an innocuous occupation, the long-term risk of developing pneumoconiosis is evidently high. Appropriate education about risks and workplace protection is required for all dental technicians and their employers in order to limit exposure to respiratory hazards in dental prosthetics laboratories.
Key points
• This is the first study of the prevalence of pneumoconiosis in dental prosthetic technicians using high-resolution computed tomography. Pneumoconiosis was detected in almost half of participants working in a dental prosthetic laboratory because high-resolution computed tomography is able to detect very early radiological changes very early.
• Lung functions were impaired, but not significantly so, in dental prosthetic technicians with pneumoconiosis compared with those without pneumoconiosis.
• The most common high-resolution computed tomography finding of pneumoconiosis was the presence of round opacities.
The Ontario Workplace Health Champions Program
Incorporating occupational health content into the medical school curriculum is an ongoing challenge. In 1994, the Ontario Medical Association Section of Occupational and Environmental Medicine gathered together groups with an interest in clinical workplace health including government, universities, hospitals, research organizations and organized labour. A needs assessment was conducted and documented gaps in knowledge, skills and training related to workplace health. An occupational medicine physician (G.L.) was appointed and funded through a provincial educational project, the Physician Education Project in Workplace Health. The Workplace Safety and Insurance Board (WSIB) undertook a survey that documented the lack of educational activities in several of the five medical schools in Ontario. As a result of the needs assessment and survey of medical schools, the WSIB developed the Workplace Health Champions Program (WHCP).
The WHCP supports Ontario medical schools to enhance and expand their curricula in occupational health. Starting in 1999 the five (and then six) medical faculties in Ontario signed agreements with the WSIB agreeing to: (i) develop and implement a workplace health curriculum to support medical training in workplace health issues primarily at the undergraduate education level, (ii) select a physician as Workplace Health Champion (WHC) to assist in the development and implementation of a workplace curriculum, (iii) keep the WSIB informed of the progress and impacts of the curriculum in the training programme and (iv) participate with the WSIB in an evaluation of the curriculum and its impact on the training of new physicians.
The medical school selects the WHC in collaboration with the WSIB. The champions are usually occupational medicine specialists or family physicians with a practice in occupational medicine. The WSIB provides financial support to the school to help support the champion and their work.
The champions work with the medical education and curriculum committees in their schools to identify places for occupational health content, either as sessions specifically devoted to occupational health or in other sessions such as case studies. They also offer opportunities for electives and research projects. One school is in the process of developing a video to demonstrate occupational history taking.
The six champions, an external academic advisor (D.L.H.) and the WSIB occupational disease medical director and vice president health services meet twice a year. These meetings provide an opportunity for the champions to support each other and share their experiences and resources. The WHCs recognize the challenges inherent in integrating workplace health into medical curricula. The champions worked to develop a core set of curriculum content and identify key resources.
Evaluation is an important component of the programme. Evaluation has focussed on process measures such as the activities and number of hours of workplace health training. The group has developed a core set of examination questions that can be used by the champions. One school has included specific questions on the student examination and can report student performance on workplace health content. The group is developing several objective structured clinical exam stations which can be used for evaluation.
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